ABSTRACT Using X-ray coronal images, full-disk longitudinal magnetograms, and vector magnetograms of active regions, we study active regions connected across the solar equator. We survey the Y ohkoh data set between 1991 October and 1998 December and Ðnd 87 transequatorial loop systems (TLSs). We classify these loops in four di †erent categories and study a separation between regions, their rotation rates, and the sign of the current helicity (chirality) of the magnetic Ðelds. We Ðnd that approximately one-third of all active regions on the Sun exhibit transequatorial loops. The fraction of TLSs is solar-cycle independent. Transequatorial loops may develop between existing active regions or between mature regions and new magnetic Ñux shortly after Ñux emergence. Observations suggest, however, that formation of TLSs is not a random processÈa connection between two areas may exist well before the reconnection takes place. We Ðnd that the reconnected regions have approximately the same rotation rate and tend to appear on certain longitudes, similar to the complexes of activity. In most cases transequatorial interconnected regions have the same handedness of their magnetic Ðeld.
INTRODUCTION
Transequatorial loops connecting active regions in opposite hemispheres play an important role in the classical Babcock model of the solar cycle (Babcock 1961) . According to this model, each cycle begins with the Ðeld lines running parallel to a solar meridian from one pole to another (poloidal Ðeld). By the end of a cycle, the di †erential rotation transforms the poloidal Ðeld into a toroidal one with the Ðeld lines running almost parallel to the solar equator. Finally, the reconnection between regions in opposite hemispheres restores a poloidal Ðeld, preparing the Sun for the next cycle (see, e.g., Pecker 1991) .
First observational evidence of the transequatorial loops was found in Skylab X-ray data. Chase et al. (1976) identiÐed 100 coronal loops connecting 94 active regions ; of those, 20 loops were connecting regions across the solar equator. et al. (1977) studied the evolution of a S‹ vestka single transequatorial loop system (TLS) and concluded that this loop was probably formed as a result of magnetic reconnection. Later, Tsuneta (1996) used Y ohkoh observations to study evolution of TLSs between NOAA active regions 7117 and 7116 and found strong evidence for magnetic reconnection. CanÐeld, Pevtsov, & McClymont (1996) compared chirality of the magnetic Ðelds of several close pairs of active regions and found that those with the same chirality form transequatorial loops, but regions with opposite chirality do not. Sakurai & Uchida (1977) compared transequatorial loops observed by Skylab with the Ðeld lines of a solenoidal (current-free) Ðeld and found good agreement between them.
With the exception of Chase et al. (1976) , all previous studies of transequatorial loops were concentrated on individual events, although the phenomenon is clearly important from the point of view of the solar dynamo and magnetic reconnection in the corona. Chase et al. (1976) presented some statistical properties of transequatorial loops, but their data set was limited by the period of the Skylab mission (9 months, near the minimum of solar cycle 21).
Below we present the Ðrst systematic study of transequatorial loops based on a survey of the Y ohkoh data set from the declining phase of cycle 22 (1991 October) through the rising phase of cycle 23 (1998 December). We employ full-disk longitudinal magnetograms from Kitt Peak National Observatory (KPNO) to study magnetic Ñuxes related to transequatorial loops. We also use Haleakala Stokes Polarimeter vector magnetograms of selected active regions related to transequatorial loops to study the current helicity (chirality) of their magnetic Ðelds. Section 2 brieÑy describes each of these data sets. Section 3 presents the main results of the study and in°4 we discuss our Ðndings.
THE DATA SETS
We surveyed the Y ohkoh data set of full-disk images from the beginning of the mission (1991 October) through 1998 December for any kind of coronal loops crossing the solar equator. Each standard image is a composition of two images with di †erent exposure times and well represents the structures over a wide intensity range. The results of this survey are shown in Table 1 . We identiÐed 87 di †erent TLSs observed by Y ohkoh during the Ðrst 7 years of the mission. The time given in Table 1 corresponds to the best appearance of a TLS, typically when it was near central meridian.
Next we studied the evolution of each TLS during its passage across a solar disk. For each day, when a system was within^50¡ from the disk center we co-aligned the Kitt Peak full-disk magnetograms with the closest (in time) SXT image and identiÐed magnetic Ñuxes related to the system. We use Kitt Peak magnetograms to outline the strongest magnetic Ñuxes and compute the center of gravity of the Ñux systems. In each case we identiÐed the Ñux system boundaries when it was near central meridian and followed the boundary changes in following and proceeding magnetograms. This method, although very subjective, gives us more Ñexibility in following a Ñux evolution, than, say, use of a Ðxed threshold in longitudinal Ðeld strength. We used the coordinates of the Ñux systems to compute a separation between connected regions and their rotation rate.
Most transequatorial loops were associated with the strong magnetic Ðelds of active regions. We employed vector magnetograms from the Haleakala Stokes Polarimeter to study the sign (chirality) of the current helicity of these regions. The helicity was computed as the a-coefficient of a linear force-free Ðeld. We followed Pevtsov, CanÐeld, & Metcalf (1995) in this computation. Detailed description of the Haleakala Stokes Polarimeter can be found elsewhere (Mickey 1985) .
OBSERVATIONAL PROPERTIES OF TRANSEQUATORIAL LOOPS
3.1. ClassiÐcation Transequatorial loop systems vary in size and appearance. Despite the di †erences, however, we were able to classify them in two distinctive categories. By analogy in appearance, we named these categories "" connection ÏÏ and "" reconnection ÏÏ types, accordingly. Figure 1 gives examples of our classiÐcation. We describe a loop system as a connection type when we see a single loop or multiple loops connecting two regions in opposite hemispheres. The loops of this type may be sheared ("" S type ÏÏ) or unsheared ("" U type ÏÏ). The reconnection loops form a system reminiscent of the letters "" X ÏÏ or "" Y ÏÏ by analogy with classical X-and Y-types of magnetic reconnection. We should emphasize, however, that although similarity in appearance implies magnetic reconnection, we have no strong evidence that the reconnection does take place in X-and Y-types of TLSs. In our data set 61 loops (70%) belong to the connection type and 26 (30%) are of the reconnection type. Table 2 shows statistics for the loop types. Thus, only one-third of all TLSs show a pattern similar in appearance to the classical reconnection model. In the majority of cases we see ordinary loops connecting two magnetic Ñuxes whose appearance does not require the magnetic reconnection. A large percentage (59%) of all "" ordinary ÏÏ loops are sheared, which implies the presence of electric currents in a majority of the transequatorial coronal loops (cf. Pevtsov, CanÐeld, & McClymont 1997) .
Separation and Rotation Rates
For each SXT image from Table 1 we determined the heliographic coordinates of "" anchors ÏÏ of the loop system. We deÐned the anchor as a bright area in the X-ray corona situated close to the end of a coronal system and which, in our judgment, contains most of the footpoints of transequatorial coronal loops. In most cases, the anchor coincides with an active region. Coordinates of anchors are in good agreement with the coordinates of magnetic Ñux systems, computed using Kitt Peak magnetograms. Using heliographic coordinates of anchors, we computed the length of each TLS as a separation between the anchors. Figure 2 shows a histogram of the length of a TLS. The length of TLSs varies between 10¡ (B108 m) and 75¡ (B9 ] 108 m) with an averaged B30¡. Chase et al. (1976) found the averaged length of the loops connecting di †erent active regions about 20¡ with the longest loop of 37¡. Using averaged coordinates of the magnetic Ñux systems we computed the rotation rates separately for regions in southern and northern hemispheres for 55 TLSs from Table  1 . To determine the rotation rate we approximated the central meridian distances of the Ñux systems by a Ðrst-degree polynomial and used the slope of this polynomial as a measure of the rotation rate. In 85% of the cases a di †er-ence in rotation rates between areas in northern and southern hemispheres was less than 1¡ per day, for 62% of regions it was less than per day. Thus, in most cases the 0¡ .5 di †erence in rotation rates is small in comparison with the precision we determine the averaged coordinates of the Ñux systems. Furthermore, we found no systematic tendency for the Ñux systems to approach or move away from each other. In 28 cases a separation between regions was decreasing with time, and in 27 cases it was increasing. In our opinion this indicates that the di †erential rotation does not play a signiÐcant role in development of TLSs. Figure 3a shows a distribution of TLSs with time. The number of transequatorial loops clearly varies with the solar activity. The total number of TLSs is great during years of high solar activity (1992 and 1998) and it is least near the solar minimum (1996) . The soft X-ray telescope on Y ohkoh began its operation in 1991 September. Before 1992 the SXT observations were irregular with numerous gaps in daily coverage. Such irregularity explains the low number of TLSs for the 1991 observations, despite high sunspot activity level. Beginning in 1992 the observations are quite systematic. Figure 3b shows the number of transequatorial loops as a fraction of yearly mean sunspot numbers taken from Solar-Geophysical Data. With the exclusion of 1991, the average number of transequatorial interconnected regions is about 30% of the total number of active regions on the Sun. The fraction of TLSs seems to be very persistent and independent of the solar activity. The 1991 data included in Figure 3b were compensated for incomplete coverage by extrapolating the number of TLSs observed over 3 months to a full year. This rough compensation, however, does not take into account daily irregularities in observations during 1991, which explains the lower percentage of transequatorial loops in 1991 in comparison with other years. A dashed line shows the averaged number of TLSs for all but 1991 data.
Cycle-related V ariations

Activity Complexes
Our original expectation was that we would see the transequatorial loops developing between mature active regions. In fact, only in one case we observed such development. In a few cases, we see a formation of transequatorial loops between mature and new emerging active regions. Figure 4 gives examples of transequatorial loop formation between active region NOAA 7470 and emerging magnetic Ñux (later active region NOAA 7472). However, a connection between areas seems to exist at a very early stage of a Ñux emergence. Figure 4a shows a very weak looplike structure between the two regions. Approximately 40 hr later the connection becomes more evident (Fig. 4b) , and in a few more hours a new TLS is born (Figs. 4cÈ4d) . Table 1 shows the corresponding active region number for each TLS. In nine cases no active regions were associated with transequatorial loops, in 38 cases active regions were present in both hemispheres, and in 40 cases only one active region was present. Thus, in a majority of cases we see loops connecting mature active regions with a quiet Sun. Often the second region emerges later in that "" preconnected ÏÏ area. Figure 5c gives an example of coronal loops connecting active region NOAA 7117 in the northern hemisphere and active region NOAA 7116 in the southern hemisphere. This pair of active regions was studied by Tsuneta (1996) and is considered to be one of the best observational evidence of magnetic reconnection in the solar corona. The Ðrst two panels on Figure 5 show the same area one and two rotations before the reconnection. Evidently the coronal loops connected the same two areas for all three rotations even before the events reported by Tsuneta (1996) .
Examining our data set, we also noticed that transequatorial loops do not appear randomly over the solar surface. In many cases we see repeating development of TLSs at approximately the same areas. Figure 6a shows a distribution of TLSs with Carrington longitude and solar rotation number. For that plot we consider that each system extends B10¡ in solar longitude. For comparison Figure 6b shows distribution of all active regions observed during the same period of time. Coordinates of active regions were taken from Solar-Geophysical Data. Comparing two panels on Figure 6 , one can see certain areas where transequatorial loops appear more often. Some areas are free of TLSs. In contrast the distribution of active regions is quite uniform. CanÐeld et al. (1996) used a limited data set to show that handedness of the magnetic Ðeld is important in formation of TLSs. We extended their Ðnding to a larger number of active regions. Table 1 describes the chirality of each transequatorial loop system when both active regions are present and Haleakala Stokes Polarimeter has observed them. We found 22 such cases. In 15 cases (68%) both regions have the same chirality, and in seven cases (32%) the regions have opposite chirality. Thus, the majority of TLSs follows a rule found by CanÐeld et al. (1996) , although the tendency is not very strong. Several factors can explain those seven TLSs that disagree with a general tendency for chirality. Computing chirality, we represent each active region by a linear force-free Ðeld, despite that there are patches of both signs of a within a single active region (e.g., Pevtsov, CanÐeld, & Metcalf 1994) . Some regions exhibit asymmetry in a distribution of local a toward one sign. Repeated magnetograms of such regions will show the same sign of linear force-free Ðeld a. On the other hand, there are regions where the distribution of local a is more or less symmetric around zero. For those regions the linear forcefree Ðeld model is not applicable. Repeated magnetograms of such regions will show a small a with random Ñuctua-tions in sign. Seven active regions in our data set have small a and are represented by a single magnetogram. Considering only TLSs with more than one vector magnetogram per active region, we Ðnd that 87% of them have the same chirality in both active regions.
Role of Helicity
DISCUSSION
We present a list of all TLSs observed by Y ohkoh from the beginning of the mission through 1998 December. We surveyed the Y ohkoh database and identiÐed all coronal loops crossing the solar equator. We anticipate, however, that our list may be incomplete. TLSs included in this list show several important trends. First, it appears that transequatorial loops are a quite frequent phenomena. Although the absolute number of TLSs varies strongly with sunspot activity, the relative number of transequatorial connections remains nearly constant through the declining phase of cycle 22 and rising phase of cycle 23. During 1992È 1998, approximately 30% of all active regions on the Sun show a transequatorial connection. In the framework of BabcockÏs model, this implies that a toroidal magnetic Ðeld is constantly removed from the Sun. This interpretation is in qualitative agreement with Bieber & Rust (1995) , who compared Ñows of the magnetic Ðeld through the photosphere and at 1 AU and concluded that magnetic Ðeld is removed from the Sun at the rate it crosses the photosphere.
Di †erential rotation seems to play no signiÐcant role in formation of transequatorial loops. In most cases, connected regions show no signiÐcant di †erence in their rotation rates. There is no tendency for connected regions to move apart or toward each other.
A separation between active regions is not a sufficient parameter to trigger the reconnection. Although the average length of TLSs is about 24¡, much longer loops do exist. The maximum length of transequatorial loop in our data set is about 75¡. For some reason, reconnection may develop between two regions that are far apart, even if there are other, closer, regions. CanÐeld et al. (1996) considered electric current closure as an important factor for reconnection. In our data set the majority of transequatorial loops are sheared, which implies electric currents Ñowing along these coronal loops. In most cases, the active regions related to the same TLS exhibit like chirality of their magnetic Ðelds, in agreement with CanÐeld et al. (1996) . It is possible, however, that the active regions change chirality as a result of reconnection. On the other hand, very often we see the loops connecting areas on the Sun even before an active region emergence. Thus, we believe that in most cases magnetic Ðelds have the same chirality before the reconnection.
Our data give several indications of areas of enhanced TLS activity. We see such areas in longitudinal distribution of TLSs, in a preference for reconnected regions to be of the same chirality, and in pre-existing connection between areas where TLSs develop, as well as in the absence of signiÐcant di †erence in rotation rates of two independent areas connected across the equator. We speculate that such areas may be related to active longitudes or sunspot activity nests observed by several researchers (e.g., Brouwer & Zwaan 1990) .
The fact that magnetic Ðelds have the same chirality inside such complexes of activity implies some kind of nonuniformity in solar dynamo action and deÐnitely justiÐes further investigation.
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